Hydroelastic analysis of floating elastic thick plate in shallow water depth  by Praveen, K.M. et al.
PH
t
K
D
M
R
A
I
I
d
a
r
t
i
b
i
r
h
2
lerspectives in Science (2016) 8, 770—772
Available  online  at  www.sciencedirect.com
ScienceDirect
j our na l homepage: www.elsev ier .com/pisc
ydroelastic  analysis  of  ﬂoating  elastic
hick  plate  in  shallow  water  depth
.M.  Praveen ∗,  D.  Karmakar,  T.  Nasar
epartment  of  Applied  Mechanics  and  Hydraulics,  National  Institute  of  Technology  Karnataka,  Surathkal,
angalore  575025,  India
eceived  13  June  2016;  accepted  14  June  2016
vailable  online  4  July  2016
KEYWORDS
Hydroelasticity;
Thick  plate  theory;
VLFS;
Wave  reﬂection;
Rotary  inertia;
Summary  In  the  present  study,  the  wave  scattering  due  to  very  large  ﬂoating  structure
(VLFS) is  analysed  considering  the  thick  plate  theory  in  shallow  water  depth.  The  effect  of
free-free boundary  condition  associated  in  the  analysis  of  the  ﬂoating  thick  plate  in  shallow
water is  analysed.  The  numerical  computation  is  performed  to  analyse  the  wave  reﬂection,
wave transmission  and  plate  deﬂection  due  to  the  action  of  incident  wave.  Further,  the  results
are compared  between  thick  plate  theory  and  Kirchhoff’s  plate  theory.  The  study  reveals  anTransverse  shear
deformation
interesting aspect  of  considering  rotary  inertia  and  transverse  shear  deformation  in  the  anal-
ysis of  ﬂoating  elastic  thick  plate.  The  present  study  provides  an  understanding  on  design  and
analysis of  VLFS  based  on  thick  plate  theory  in  shallow  water  depth.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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n  the  last  few  decades,  there  has  been  considerable  work  on
esign  and  analysis  of  Very  Large  Floating  Structures  (VLFS)
cted  upon  by  ocean  waves.  Kashiwagi  (2000)  reviewed  the
ecent  progress  and  future  work.  Due  to  the  scarcity  of  land,
hese  large  ﬂoating  structures  are  constructed  for  build-
ng  infrastructures  like  ﬂoating  airports,  mobile  offshore
ases,  ﬂoating  cities  and  ﬂoating  storage  device.  A  signif-
cant  progress  is  observed  in  the  hydroelastic  analysis  of  the
 This article belongs to the special issue on Engineering and Mate-
ial Sciences.
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icenses/by-nc-nd/4.0/).LFS  based  on  the  Kirchhoff’s  classical  thin  plate  theory.
hkusu  and  Namba  (2004)  proposed  a  new  method  to  ana-
yse  VLFS  considering  thin  plate  theory.  In  Kirchhoff’s  plate
heory  the  ﬂoating  structure  is  considered  to  be  thin,  which
eglects  the  effects  of  rotary  inertia  and  shear  deformation.
indlin  (1951)  formulated  the  inﬂuence  of  rotary  inertia  and
hear  deformation  on  elastic  thick  plates  but  in  general  the
ery  large  ﬂoating  structure  in  the  open  ocean  is  having
onsiderable  thickness  and  the  Timoshenko—Mindlin’s  thick
late  theory  needs  to  be  considered  in  the  analysis  of  the
LFS.  Further,  the  studies  on  the  thick  plate  theory  consid-
ring  ﬂoating  ice-sheet  is  analysed  by  Fox  and  Squire  (1991) Balmforth  and  Craster  (1999). Since  most  of  the  VLFS  are
onstructed  in  shallow  waters,  the  present  study  is  limited
o  the  analysis  of  thick  ﬂoating  elastic  plate  in  shallow  water
epth.
icle under the CC BY-NC-ND license (http://creativecommons.org/
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Figure  2  Contour  plot  for  the  plate  covered  dispersion  rela-
tion with  E  =  5  GPa,  d  =  1  m,  ω  =  3.0  s−1 for  h  =  50  m.
Figure  3  Reﬂection  coefﬁcient  versus  wave  frequency  consid-
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pFigure  1  Schematic  diagram  of  ﬂoating  thick  elastic  plate.
Formulation and solution approach
The  Airy’s  wave  theory  is  considered  for  the  analysis  of  wave
scattering  due  to  the  ﬂoating  thick  elastic  plate  in  shallow
water  depths.  The  monochromatic  waves  are  considered  to
be  incident  on  the  thick  ﬂoating  elastic  plate  along  the  pos-
itive  x-direction.  A  two-dimensional  co-ordinate  system  is
considered  in  the  analysis  with  incident  wave  along  the  x-
axis  horizontally  and  the  y-axis  vertically  downward  from
the  free  surface.  The  study  domain  is  basically  divided  into
three  regions,  upstream  ﬂuid  domain  at  a  <  x  <  ∞,  0  <  y <  h  as
region1,  the  ﬁnite  ﬂoating  elastic  thick  plate  covering  the
free  surface  of  the  ﬂuid  at  −a  <  x  <  a,  y  =  0  as  region  2  and
downstream  open  water  domain  at  −  ∞  <  x  <−  a,  0  <  y  <  h  as
region3  as  shown  in  Fig.  1.  The  edges  of  the  plate  at  x  =  −a
and  x  =  a  is  considered  to  be  at  free-free  boundary  condition.
The  elastic  plate  is  considered  as  thick  and  modelled  under
the  assumption  of  Timoshenko—Mindlin  thick  plate  theory.
Using  the  assumption  of  Airy’s  long  wave  theory,  the  long
wave  equation  of  continuity  is  derived  as
jt =  h∂2x˚j,  j  =  1,  2,  3.  (1)
The  equation  of  motion  in  the  ﬂuid  domain,  j  =  1,  3  is
given  by
˚jt −  gjt =  0,  for  x  >  a  and  x  <  −a,  (2)
Considering  the  wave  elevation  and  deﬂection  in  the
plate  to  be  in  simple  harmonic  motion  in  time  with  wave
frequency  ω,  the  velocity  potential  is  expressed  as,  ˚j(x,
t)  = Re  {j(x)}  e−iωt and  the  thick  elastic  plate  deﬂection  is
taken  as,  j(x,  t)  =  Re  {j(x)}  e−iωt,  Re  denotes  the  real  part.
Combining  the  equation  of  continuity  as  in  Eq.  (1)  and  the
equation  of  motion  in  the  ﬂuid  domain  given  by  Eq.  (2),  the
linearized  long  wave  equation  in  the  ﬂuid  domain  is  derived
as
∂2xj −
(
ω2/gh
)
j =  0,  for  x  >  a  and  x  <  −a,  (3)
The  long  wave  equation  of  motion  in  the  plate  covered
region  is  obtained  by  combining  the  equation  of  motion  and
the  ﬂoating  elastic  thick  plate  equation  and  is  given  by{
EI(
g  −  msω2
)∂4x +
(
msω
2I(
g  −  msω2
) −  S
)
∂2x +
(
1  − msω
2IS
EI
)
for  −  a  <  x  <  a,  
where    is  the  density  of  water,  ms is  the  mass  of  the  plate,  
is  the  Poisson’s  ratio,  EI  =  Ed3/12(1  −  2)  is  the  ﬂexural  rigid-
ity,  E  is  the  elastic  modulus,  G  =  E/2 (1  +  ) is  the  shear
modulus  and    is  the  transverse  deformation  of  the  thick
plate.
2 + ω
2(
g  −  msω2
)
{
1  − msω
2IS
EI
− ω
2S(
g  −  msω2
)∂2x
}
2 =  0,
(4)
ring  E  =  5  GPa,  ω  =  3.0  s−1,  d  =  1  m  at  different  values  of  water
epth.
The  equation  for  continuity  of  energy  and  mass  ﬂux  at
he  interface  x  =  ±  a,  0  <  y  <  h  for  j =  1,  2  is  given  by
jx =  (j+1)x and  j =  (j+1) at  x  =  ±a,  0  <  y  <  h,  (5)
The  thick  elastic  plate  is  considered  to  be  freely  ﬂoating;
ence  the  bending  moment  and  the  shear  force  at  the  edge
 =  ±  a  are  given  by
4
x2 =  0  and  ∂5x2 =  0  at  x  =  ±a,  0  <  y  <  h,  (6)
The  far-ﬁeld  radiation  condition  in  terms  of  velocity
otential  is  given  byj (x) =
{
e−ik10x +  R0eik10x as  x  →  ∞,
T0e
−ik30x as  x  →  −∞,
(7)
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M
ural motion of isotropic elastic plates. J. Appl. Mech. (ASME) 18,
31—38.
Ohkusu, M., Namba, Y., 2004. Hydroelastic analysis of a large ﬂoat-igure  4  Plate  deﬂection  verses  plate  length  considering  E  =  
here  R0 and  T0 are  the  complex  co-efﬁcient  of  reﬂection
nd  transmission  and  kj0 at  j  =  1,  3  are  the  roots  of  dispersion
elation  in  shallow  water  given  by
2
j0 −
ω2
gh
= 0.  (8)
n  the  case  of  thick  plate  Kjn at  j  =  2  and  n  =  0,  I,  II,  III,  IV
re  the  roots  for  the  thick  elastic  plate  covered  dispersion
elation.
oots  of  plate  covered  dispersion  relation
he  thick  plate  covered  dispersion  relation  roots  are
btained  for  different  wave  frequencies  and  varying  plate
hickness  at  different  water  depths.  The  contour  plot  in
ig.  2  shows  that  for  changing  the  water  depths  the  plate
overed  dispersion  relation  has  six  roots  out  of  which  two
re  real  and  four  are  complex  roots  which  are  conjugate  to
ach  other.  The  values  of  roots  are  observed  to  decrease
ith  increasing  water  depth.
eﬂection  and  transmission  coefﬁcients
he  wave  reﬂection  and  transmission  coefﬁcients  are  com-
ared  with  varying  wave  frequency  at  different  depths  as
hown  in  Fig.  3.  The  zeros  in  the  reﬂection  coefﬁcient  indi-
ate  complete  transmission  of  waves  below  the  thick  plate.
t  is  observed  that  wave  transmissions  increases  with  the
ecrease  in  water  depth.late  deﬂection
he  plate  deﬂection  along  the  x-direction  of  the  plate  for
arying  water  depths  and  plate  thickness  is  compared  in,  ω  =  3.0−1 at  varying  (a)  water  depths  and  (b)  plate  thickness.
ig.  4(a  and  b).  The  deﬂection  increases  with  the  increasing
ater  depth  and  decreasing  plate  thickness.  In  comparison,
he  number  of  humps  is  found  to  increase  with  decrease  in
late  thickness.
onclusions
he  hydroelastic  behaviour  of  thick  plates  acted  upon  by
cean  waves  in  shallow  water  depth  is  analysed.  The  math-
matical  model  is  developed  taking  into  consideration  of
ree—free  edge  condition  for  the  thick  ﬂoating  elastic  plate.
he  solution  for  thick  plate  in  shallow  water  is  analysed
or  different  water  depth.  The  contour  plot  for  the  disper-
ion  relation  shows  the  distribution  and  complexity  of  the
oots  in  the  plate  covered  domain.  The  coefﬁcients  of  wave
eﬂection  and  transmission  are  calculated  and  compared  at
ifferent  water  depths.
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